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Endovascular grafts (EVGs) are being investigat-
ed to treat aneurysmal aortic disease. One of the
main concerns regarding this treatment is the pres-
ence of flow outside the graft, called endoleak.1 Such
endoleaks have been reported in 7% to 37% of
endovascular aortic aneurysm repairs.2-9 These
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endoleaks may be caused by incomplete sealing
between the endovascular prosthesis and the
aneurysm neck, defects within the prosthesis itself,
or patent branches arising from the aneurysm. There
is uniform agreement that large endoleaks that lead
to aneurysm enlargement necessitate treatment.
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Purpose: To investigate the relation between endoleaks and intraaneurysmal pressure
(IAP) and the effect of coil embolization in the management of endoleaks.
Methods: The infrarenal aorta of a dog (n = 15) was replaced by a polytetrafluoroethyl-
ene aneurysm containing a pressure transducer. Group I (n = 4) had untreated
aneurysms. Group II (n = 4) had endovascularly excluded aneurysms without an
endoleak. Group III (n = 7) had aneurysms excluded by means of grafts with a defect
that represented the source of an endoleak. After 4 weeks of follow-up study, the
endoleaks in group III dogs were subjected to coil embolization. Systolic IAP was mea-
sured daily and expressed as a ratio of systolic blood pressure obtained from a forelimb
cuff. Arteriography, duplex ultrasonography, and spiral contrast computed tomography
were performed to evaluate endoleaks.
Results: In group I, the IAP remained close to systolic blood pressure (ratio of 0.96 ±
0.06), whereas in group II the IAP ratio showed a decline to 0.34 ± 0.16 (p = 0.0009
group I versus II). After an initial decrease, the IAP ratio in group III stabilized at 0.75
± 0.18 (p = 0.003, group II versus III). Aneurysms with an endoleak remained pulsatile
with a pulse pressure of 30 ± 16 mm Hg, which was less than that of untreated
aneurysms (62 ± 15 mm Hg; p < 0.0001 group I versus III). Arteriography and com-
puted tomography revealed “sealing” of endoleaks after coil embolization, but IAP ratio
did not decrease (0.76 ± 0.14) after coil embolization.
Conclusions: Incomplete endovascular aneurysm exclusion caused by an endoleak fails to
reduce IAP ratio and may subject the aneurysm to a continued risk for rupture.
Although coil embolization resulted in angiographic and computed tomographic seal-
ing, it failed to reduce IAP ratio. (J Vasc Surg 1998;27:454-62.)
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Enlargement caused by endoleaks has been observed
when the proximal or distal attachment of the
endovascular graft is imperfect. Fabric tears, particu-
larly in bifurcated endovascular prostheses, may
occur after difficulty has been encountered in
deployment of the graft or after guidewire manipu-
lation to insert the second limb.2,10-12 On the other
hand, minor endoleaks associated with patent
branches often do not produce aneurysm enlarge-
ment, and these have sometimes been observed
without intervention.4,5,11 However, the exact fate
of an endoleak and its importance in pressure trans-
mission remain to be clarified.
There are a variety of options for management of
an endoleak. They range from endovascular repair to
conversion to an open surgical procedure. Coil
embolization has been attempted to manage persis-
tent endoleaks.12 However, the true efficacy of this
approach has not yet been determined. The purpose
of this study was to evaluate the effect on intraa-
neurysmal pressure (IAP) of large endoleaks from
defects in the graft and to determine the efficacy of
coil embolization in management of these endoleaks
with regard to reduction of IAP.
METHODS
Preparation of aneurysm models
Aneurysm. An experimental fusiform aneurysm
was produced by means of focal balloon dilation of
an 8 mm polytetrafluoroethylene graft (PTFE; W. L.
Gore & Associates, Flagstaff, Ariz.) with a 30 mm
modified prostate balloon (Dowd II PET; Medi-
tech, Watertown, Mass.) resulting in a final
aneurysm diameter of 23 mm. An implantable sili-
con strain-gauge pressure transducer (P 6.5-x6;
Königsberg Instruments, Pasadena, Calif.) was then
fixed within the aneurysmal wall for long-term pres-
sure measurement (Fig. 1a). The metallic portion of
the transducer was positioned on the inner surface of
the aneurysm wall, allowing measurement of pres-
sure within the aneurysmal sac.
Endovascular graft without endoleak. The
grafts were constructed by means of dilation of 4 mm
PTFE grafts with 10 mm balloon catheters (Blue
Max; Medi-tech). A balloon expandable Palmaz stent
(P 104; Johnson & Johnson Interventional Systems,
Warren, N.J.) was secured to the proximal end of the
graft with two sutures. These endovascular grafts
were mounted on 10 mm · 6 cm balloon catheters
(Blue Max; Medi-tech) and backloaded into an 11F
introducer sheath (Fig. 1b).
Endovascular graft with endoleak. The
endovascular grafts for these models were construct-
ed with a 4 mm PTFE tube graft that was dilated
with a 10 mm balloon catheter to a final graft diam-
eter of 9 mm. Each graft was proximally perforated
with a 4 mm aortic punch (Medtronic, Minneapolis,
Minn.) which produced a graft defect that was the
source of the endoleak. The site of the defect was
marked with radiopaque wire for subsequent fluoro-
scopic detection. The EVGs were placed coaxially
within the aneurysms produced in the afore-
described manner and were secured with sutures to
the proximal and distal ends of the aneurysms for
implantation (Fig. 1c).
Surgical procedures
Aneurysm implantation. Fifteen female mon-
grel dogs weighing 25 to 30 kg underwent operative
procedures. They were divided into three groups.
Group I (n = 4) included dogs with untreated
aneurysms. The dogs in group II (n = 4) had EVGs
without an endoleak, and those in group III (n = 7)
had perforated EVGs to produce an endoleak. The
dogs were anaesthetized with intravenous sodium
pentobarbital (18 to 20 mg per kilogram body
weight), intubated, and placed in a supine position.
They received 1 gm of cefazolin intravenously. After
administration of heparin (50 U per kilogram body
weight), the aorta was cross clamped and a 30 mm
segment of the aorta was resected. Untreated
aneurysms (groups I and II) and aneurysms con-
taining an EVG with an endoleak (group III) were
sutured to the aorta in an end-to-end manner with a
running suture (Fig. 1). The pressure transducer
cable and the connecting skin appliance were passed
through a subcutaneous tunnel and guided out at
Fig. 1. Various types of models used in this study. a,
Group I, untreated PTFE aneurysms. b, Group II,
aneurysms managed with EVG without endoleak. c,
Group III, aneurysms managed with EVG with endoleak.
These EVGs had a 4 mm diameter hole in the graft to pro-
duce the endoleak. d, Same models as in c after the
endoleak was packed with coils. A, Aneurysm; T, pressure
transducer; EVG, endovascular graft; pS, proximal stent;
dS, distal stent; G, graft; EL, endoleak; C, coils.
the neck of the dogs. All dogs were treated in accor-
dance with the “Principles of Laboratory Animal
Care” (formulated by the National Society for
Medical Research) and the “Guide for the Care and
Use of Laboratory Animals” (NIH Publication 86-
23, revised 1985).
Additional procedures
Endovascular exclusion. The aneurysms in
group II were excluded from the circulation by
means of insertion of an EVG through a carotid
arteriotomy 14 days after aneurysm implantation as
described previously.13 After an initial aortogram the
EVG was positioned in the infrarenal aorta, and the
proximal stent was deployed at the proximal neck of
the aneurysm. The distal end of the EVG was
secured with a second Palmaz stent (P 104), which
was inserted separately mounted on a 10 mm · 2 cm
balloon catheter (Fig. 1).
Coil embolization. Four weeks after implanta-
tion of the EVG in group III, the endoleaks were
embolized with multiple curled metallic coils (2 and
3 cm long, 3 and 4 mm diameter (Embolization
Coil; Cook, Bloomington, Ind.) An aortogram was
obtained through a carotid sheath to demonstrate
the endoleak. A 5F torque catheter (Bern
Berenstein; Medi-tech) was advanced so that the tip
cannulated the site of the endoleak origin, which was
visualized by means of the previously placed wire.
Three to four coils per dog were delivered to pack
the endoleaks tightly (Fig. 1d).
Measurement of intraaneurysmal pressure
IAP was measured with the pressure transducer
in conjunction with an analog-digital board
(Metrabyte DAS-1402; Triton Technologies, San
Diego, Calif.). The accuracy of these devices for
aneurysmal pressure measurement has been report-
ed previously.14 Pressure measurements were per-
formed daily for 4 weeks after aneurysm implanta-
tion (group I), EVG exclusion (group II), and
implantation of the EVG with an endoleak (group
III). Group III was examined for an additional 4
weeks after coil embolization. Along with systolic
IAP measurements, systolic blood pressure was
obtained from a pressure cuff on a forelimb of each
dog. To eliminate the effect of differences in systolic
blood pressure for each dog, IAP was expressed as
the ratio IAPsyst/SBP. Aneurysmal pulse pressure
(APP) was defined as the difference between systolic
and diastolic intraaneurysmal pressures, as follows:
APP = IAPsyst – IAPdiast.
Assessment of endoleak
Aortography was performed through a carotid
sheath in each dog immediately after implantation of
the aforementioned aneurysms and EVGs. Color
duplex studies (Sonolayer 140; Toshiba America
Medical Systems, Yonkers, N.Y.) were obtained at 2
and 4 weeks for all groups. Spiral contrast computed
tomography (CT) (High-speed Advantage scanner;
GE Medical Systems, Milwaukee, Wis.) were per-
formed at 2 weeks for group II and at 2 and 6 weeks
for group III. All studies were performed with the
dog under general anesthesia (pentobarbital 18 to 20
mg/kg). We defined the endoleak in accordance with
the study of White et al.10 as extravasation of contrast
material outside the EVG but within the aneurysmal
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Fig. 2. Macroscopic view of an endoleak 2 weeks after
implantation (group III) and corresponding CT scan. A,
Autopsy specimen demonstrates an aneurysm filled with
thrombus except for a liquid-filled cavity associated to a 4
mm hole in the endovascular graft. B, Contrast-enhanced
CT scan. EL, Endoleak; EVG, endovascular graft; A,
aneurysm; T, pressure transducer.
sac. The size of the endoleaks was assessed by means
of measurement of the maximal diameter of contrast
extravasation in transverse section on CT scans.
Statistical analysis
Data were expressed as mean value ± SD.
Comparisons of treatment groups were performed
with a two-tailed Student t test analysis. Statistical
significance was assumed at the 95% confidence
interval (CI) (p < 0.05).
RESULTS
Two dogs were killed before completion of the
study. One dog in group III was killed 21 days
after the operation because of a suspected graft
infection that was not confirmed later. The
aneurysm in this dog was filled with semisolid
thrombus except for a blood-filled cavity outside
the graft hole (Fig. 2). This area represented per-
sistent perigraft flow and correlated with the CT
findings (Fig. 2). Graft thrombosis causing para-
plegia 4 weeks after implantation of the endovas-
cular graft with an endoleak necessitated killing
another dog in group III.
Pressure measurements. In group I, untreated
aneurysms demonstrated a mean value for systolic
IAP ratio of 0.96 ± 0.06 (Fig. 3). Mean APP was 62
± 15 mm Hg (Table I). In group II the mean value
for the systolic IAP ratio decreased and stabilized at
0.34 ± 0.16, where it remained throughout the peri-
od of observation (Fig. 3; p = 0.0009 group I versus
II). Mean APP also decreased to 12 ± 11 mm Hg
(Table I; p < 0.0001 group I versus II). In group III
for dogs with aneurysms and EVGs with an
endoleak the mean systolic IAP ratio initially
decreased for 7 days and then increased again and
stabilized at 0.75 ± 0.18 (Fig. 3; p = 0.003 group III
versus II). The endoleaks resulted in a high mean
APP of 30 ± 16 mm Hg (Table I; p = 0.013 group
III versus II). Immediately after coil embolization,
the mean value for systolic IAP ratio increased some-
what (to 0.88 ± 0.12 for the first 6 days) and then
stabilized at 0.76 ± 0.14 for the remaining observa-
tion period (Fig. 4; not significant before versus after
embolization at day 20 and day 50). Coil emboliza-
tion did not affect APP, which remained at 26 ± 13
mm Hg compared with 30 ± 16 mm Hg before
embolization (Table I).
Imaging. In group I the aneurysms showed
minimal mural thrombus formation on arterio-
graphic examinations, as described and illustrated
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Fig. 3. IAP ratio measurements. Mean values for systolic
IAP ratio in group III decreased on the first postoperative
day and reincreased and stabilized at a high level. IAP
ratios remained high for untreated aneurysms (group I)
and low for dogs in which aneurysm had been excluded by
an EVG without an endoleak (group II). At day 30 *p =
0.025, **p = 0.0009, #p = 0.003.
Table I. Mean aneurysmal pulse pressure (± SEM)
in groups I to III
Aneurysmal pulse
Group pressure (mm Hg)
I, Untreated aneurysms 62 ± 15
II, Endovascular graft without endoleak 12 ± 11
III, Endovascular graft with endoleak 30 ± 16
III, Endoleak after coil embolization 26 ± 13
At day 30 p < 0.0001 (group I versus II and group I versus III),
p = 0.013 (group II versus III), not significant (group III before
versus after embolization).
Fig. 4. Mean values for systolic IAP ratio before and after
coil embolization of the endoleaks in group III.
Immediately after embolization IAP ratio increased, possi-
bly because of thrombus destruction after placement of
the coils. Coil embolization failed to decrease IAP ratio
during a 1-month period.
previously.13,14 In group II none of the completely
excluded aneurysms demonstrated with endoleak at
arteriography, duplex scanning, or CT scanning. In
group III all endoleaks were clearly demonstrated at
color duplex scanning (Fig. 5). Duplex measure-
ments revealed the hole of the graft wall to be 20%
± 5% of the graft circumference. Only a small
amount of contrast extravasation was visualized on
angiograms (Fig. 5). On CT scans, an oval extrava-
sation of contrast material was visualized that was
confined to an area adjacent to the hole in the EVG
(Fig. 5). There was a wide variability in maximal
diameter of the endoleaks measured on CT scans
(range, 3.8 to 14.9 mm) with a mean diameter of
7.2 ± 3.7 mm. The diameter of the endoleaks mea-
sured on CT scans did not correlate with systolic
IAP ratio (Fig. 6).
After coil embolization, all endoleaks were sealed
angiographically (Fig. 7). Furthermore, neither CT
scans nor color duplex scans demonstrated contrast
material or flow within the aneurysm at the pre-
sumed location of the endoleak, thereby confirming
sealing of the endoleaks (Fig. 7).
DISCUSSION
The main goal of aneurysm treatment is complete
exclusion of the aneurysm from blood flow.
However, endovascular grafting for abdominal aortic
aneurysms is not always successful. Incomplete exclu-
sion has been reported to occur in 7% to 32% of all
cases.2-9 Because the importance of these endoleaks
in pressure transmission is unknown, there is confu-
sion regarding management of this complication.
The size and source of an endoleak have been con-
sidered to be important factors in determining out-
come. Minimal contrast extravasation may resolve
within days or weeks after endovascular aneurysm
exclusion,2,4,11,15 whereas other endoleaks may per-
sist, resulting in aneurysmal rupture. 
In our experiment the size of the original hole in
the graft wall was consistent. Nevertheless, the size
of the endoleaks showed high variability on arteri-
ograms, CT scans, and duplex scans. The different
sizes of the endoleaks might be related to differences
in the coagulation system and hemodynamic values
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Fig. 5. Arteriogram (A), contrast CT scan (B) and color duplex scan (C) demonstrate endoleak. Graft hole is marked
with radiopaque wire (arrow) in A. EL, Endoleak; T, pressure transducer; A, aneurysm; EVG, endovascular graft.
Fig. 6. There was no correlation between the maximal
diameter of endoleaks and mean systolic IAP ratio.
in each dog. Although the size of the endoleaks var-
ied extensively, consistently high systolic pressures
and high pulse pressure were transmitted to the
aneurysmal wall. The size of the endoleak does not
seem to be a relevant factor for pressure transmis-
sion. Because both systolic and pulse pressures are
considered to be important factors for further
aneurysm expansion and rupture,16 we recommend
an aggressive management strategy for endoleaks
regardless of size. Our findings also confirm some of
the clinical experience in which rupture of aortic
aneurysms after endovascular repair has been report-
ed with small endoleaks or even in the absence of a
demonstrable endoleak.4,7,9,11
The trend analysis of the transmitted pressure in
the presence of an endoleak showed an initial
decrease followed by an increase and stabilization at
a high value after 1 week. The initial drop by the first
postoperative day may be related to initial thrombus
formation. Fibrin linking the cellular elements might
give the thrombus more stiffness, thereby reducing
pressure transmission. After 1 week, fibrinolysis may
have contributed to thrombus liquefaction, causing
a renewed increase in systolic IAP ratio.17
In this study, incomplete endovascular exclusion
with an endoleak resulted in a high pulse pressure of
the aneurysms, whereas complete exclusion led to
cessation of aneurysmal pulse pressure. We consider
aneurysmal pulse pressure to be representative of
aneurysmal wall movement between peak systolic
pressure and minimum diastolic pressure. These
results confirm clinical findings when wall move-
ment of the endovascularly excluded aneurysms is
measured with ultrasonic echo-tracking scans.18 In
this study, incomplete aneurysm exclusion with an
endoleak led to high aneurysmal pulsatility.
Complete aneurysm exclusion minimized pulsatile
wall movement.
There are different options for managing an
endoleak. Conversion to open repair is considered if
the endoleak cannot be resolved by means of the
endovascular approach, for example if the aneurysm
neck enlarges with subsequent migration of the
prosthesis. Incomplete exclusion caused by use of an
incorrectly sized device, misplacement of the stent,
or presence of a gap between modules of a prosthe-
sis might be managed by means of placement of an
additional covered stent. Coil embolization is anoth-
er option, but its true efficacy is yet to be proved.12
Tight coil packing of endoleaks has been believed to
be important to achieve solid thrombus formation.
In our experiment, despite tight coil packing and
complete thrombosis with angiographic and CT
sealing of the endoleaks, the pressure did not
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Fig. 7. Arteriogram (A), contrast CT scan (B), and color duplex scan (C) of endoleaks after coil embolization.
Arteriogram and CT scan demonstrate sealing of the endoleaks after coil embolization and no contrast material outside
the EVG (star). There was no flow around the coils on color duplex scans, although this finding does not show on this
image. C, coils; T, pressure transducer; EVG, endovascular graft.
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decrease significantly. Aortic blood pressure was
transmitted through the thrombus, exposing the
aneurysmal wall to nearly unimpeded pressurization.
Coil embolization failed to interrupt pressure trans-
mission to the aneurysmal wall and therefore may be
not a reliable management option for this type of
endoleaks. 
According to the law of Laplace, a reduction of
IAP ratio by means of closure of endoleaks (e.g., coil
embolization) will only result in amelioration of the
risk for rupture. Elimination, however, might be
achieved if IAP ratio were to decrease to the level of
0.34, which was obtained after complete aneurysm
exclusion, as demonstrated in group II. Further-
more, after coil embolization an initial increase in
IAP was seen. This increase was probably caused by
destruction of thrombus by means of placement of
the coils. These manipulations may subject the
aneurysm to increased risk for rupture. However,
the findings in our study did not indicate that coil
embolization of endoleaks will always be ineffective.
Endoleaks may have the morphologic features of a
narrow communication between the aorta and the
aneurysmal sac or lower pressurization of the
aneurysmal sac, which favors successful coil emboli-
zation. This may certainly be the case if the endoleak
is caused by residual patent branches that open into
the lumen of the aneurysm. Coil embolization of
these branches or the collateral blood vessels feeding
them may provide effective management of the
endoleak.19 However, our study did not elucidate
the pressure effects of such endoleaks caused by
residual patent branches arising from the aneurysm.
We appreciate that some of these may be benign,
although the observations by Resnikoff et al.20 sug-
gest that this will not always be the case. Those
authors found a patent aneurysmal sac in 2% of
instances after exclusion of the aortic aneurysms by
means of proximal and distal ligation and additional
ligation of the lumbar arteries if they showed pul-
satile flow.
CONCLUSION
We developed an animal model to study the
chronic effect of an endoleak on aneurysmal pres-
sure that cannot easily be addressed in clinical stud-
ies. Incompletely excluded aneurysms with a serious
direct endoleak regardless of its size measured on
angiograms or CT scans transmit considerable pres-
sure to the aneurysmal wall, subjecting the
aneurysm to persistent risk for rupture. On the con-
trary, completely excluded aneurysms showed low
aneurysmal pressure. Management of endoleaks by
means of coil embolization may initially cause an
increase in aneurysmal pressure. Coil embolization is
not reliable management of serious endoleaks with a
large or high pressure communication between the
aorta and the aneurysmal sac. In this circumstance
coil embolization fails to reduce pressure transmis-
sion to the aneurysmal sac.
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neurysmal pressure, and yet, the size of the actual hole in
the graft, which in my opinion resembled the true size of
the endoleak, was kept at a constant 4 mm. Do the
authors have information on intraaneurysmal pressure as
related to the size of the actual hole in the graft? In addi-
tion to the diameter of the leak, the length of the perigraft
leak may play a role in pressure transmission and treatment
options as does the presence or absence of a tract that
accompanies a pseudoaneurysm. Does a role exist for coil
embolization of a tubular area with incomplete sealing
between graft and aortic wall?
Dr. Bettina Marty. I would like to thank Dr.`Wisselink
for reviewing this paper. I think that our model was appro-
priate because a fusiform aneurysm was used, the endovas-
cular graft was placed in the center of the aneurysm, and
the defect that was within the graft simulated a proximal
leak quite well. However, one disadvantage could be the
lack of patent side branches. In fact, acute pressure mea-
surements in an aneurysm model with patch have been
performed already by Dr.`Criado and Dr. Morrison. They
have used a jejunal patch that preserves lumbar arteries.
They have also performed acute measurements after com-
plete exclusion of these aneurysms and were able to main-
tain a significant drop in intraaneurysmal pressure.
You asked a question regarding different sizes of the
defect within the graft. We did not look at different defects
within the graft in terms of pressure. The defect in the
graft is an important factor that determines the pressure.
A large defect will probably, as in our study, lead to major
pressurization of the aneurysm sac. However, a very small
defect and a very narrow communication between the
aorta and the aneurysm sac can lead to spontaneous or
coil-induced thrombus formation and might lower the
pressure in the aneurysm sac.
Dr. Enrico Ascher (Brooklyn, N.Y.). How do you
know that the coil embolization actually has achieved its
goal? On the completion angiogram the dye looked to be
surrounding the coil. A little coil just may have been float-
ing inside that segment, and then you really did not
accomplish what you intended to accomplish.
Dr. Willem Wisselink (Brooklyn, N.Y.). I thank the
authors for allowing me ample time to review their manu-
script. The Montefiore group has addressed in an elegant
study the important issue of perigraft leaks, or endoleaks,
after endoluminal aortic aneurysm repair.
Because the sole purpose of aneurysm repair is to
exclude the aneurysm from the circulation, the presence of
a perigraft leak should be considered a failure of therapy
rather than just a complication. The notion that thrombo-
sis alone does not prevent an aneurysm from rupturing
dates back to the early days of aortic intervention.
Treatments that used induced thrombosis of aneurysms
with percutaneous wire insertion or with iliac artery liga-
tion were short-lived methods that have long since been
abandoned because of their failure to prevent rupture.
For femoral pseudoaneurysms, however, induced
thrombosis by temporary compression of the aneurysm
neck has been reported to lead to sustained decreases in
aneurysm size. Also, recent reports of coil embolization as
a treatment for various types of spontaneous or iatrogenic
pseudoaneurysms have claimed high success rates.
Unfortunately, long-term follow-up is lacking.
With an ingenious model and an impressive arsenal of
imaging methods, the authors clearly have demonstrated
that systolic and pulse pressures that were measured at the
aneurysm wall remained unacceptably high after coil
embolization of the endoleak in spite of radiographic evi-
dence of complete thrombosis of their experimental
aneurysms. Although the observation is intriguing,
extrapolation to the clinical situation is difficult. One
could argue that the experimental model that is described
resembles a pseudoaneurysm rather than an endoleak. In
a clinical setting incomplete sealing between the endolu-
minal graft and the aorta is a frequent complication and
is maintained by the presence of persistent flow via patent
inferior mesenteric or lumbar arteries. Do the authors
have measurements in patched aortas with patent outflow
arteries?
One interesting finding in this study was the lack of
relation between the size of the endoleak and the intraa-
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Dr. Marty. We performed an angiogram, CT, and
duplex scan after coil embolization. On the CT, which is
the best way to look at flow that is outside an endovascu-
lar graft, we could not detect any contrast extravasation
around the coils. So I think that achievement of an exclu-
sion and a complete thrombosis of the endoleak is reliable.
Dr. Michael F. Silane (New York, N.Y.). As far as the
size of the leak, I think that the determining factor in
whether a pressure difference will be seen, which depends
on the size of the hole, would be whether or not flow
exists. If no flow exists, then there is just a hydraulic sys-
tem, and the pressure should be the same on both sides
whether the hole is 1 mm or 5 mm. If flow does exist, then
the size of the hole may make a difference in the pressure
outside the aorta.
Dr. Marty. I agree with this statement. However,
thrombus is between the aneurysm and the defect in the
graft, and I think this thrombus may influence the pres-
sure transmission. That pressure is the same overall even if
transmitted through a pinhole is a physical law, but a dif-
ference may exist in the situation of thrombus and fluid.
Dr. Ascher. How do you explain that the pulsatility
without the coils, or even after the coils, was not as high
as in your initial experiment? The pulsatility after the coils
was only 30 mm Hg, which was not as bad as it should
have been. You would expect the pulsatility to be much
higher, like 60 mm Hg, if the coil was not working.
Dr. Marty. Before coil embolization, the pulsatility was
30 mm Hg, and after coil embolization, it was 26 mm Hg.
I think that this difference is not significant. The pulsatil-
ity of 60 mm Hg was aneurysm pulsatility for untreated
aneurysm. I think the decrease in the presence of an
endoleak to 30 mm Hg may be because of this thrombus
formation from clot within the aneurysm.
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